Abstract
Introduction
In advanced communication system design consideration and size reduction has become major design parameters for practical applications. More efforts are being undertaken towards reducing the size of microwave components and devices, focusing especially on filters and antennas [1, 2] . With the increasing demands towards miniaturization of size and for enhancing the performance of circuits, innovative techniques of making compact size microwave components and devices are used with better performance [22] [23] [24] . Low cost, sharp cut-off, compact size and insertion loss improvement are the main requirement for design of microstrip filters [6] . Filters are employed to smooth the communication and to choose the desired signal over other signals and noise. Microstrip filters are generally used in satellite and ground based communication systems. For designing such types of filters, various full wave electromagnetic simulators such as Zeland IE3D, Ansoft HFSS have been applied. The microstrip patch resonator has lower conductor losses and good power handling capabilities although it has slighter big size. In modern mobile communication systems narrowband filter with higher selectivity and higher performances have been widely used. The filter design is unique because it desires to be precise in terms of band width and cutoff ranges for the particular applications. Band pass filters are basically used end or parallel coupled microstrip line Sections [3, 4] . These filters typically require several sections to have insertion loss of better than 3 dB [5] . Every section is divided by a gap which enhances the losses. Oppositely faced grooves would effect in lower loss, whereas
Related Work
In [2] Aperture-Coupled Microstrip Open-Loop Resonators is proposed with their applications to the design of Novel Microstrip Bandpass Filters. A new filter configuration consists of two arrays of microstrip open-loop resonators, which can be coupled through the apertures on the common ground plane. Various filtering characteristics can easily be realized based on the apertures. In [4] a new method for implementation of bandpass microwave filters is proposed with poles of attenuation at ultimate frequencies. Necessary and sufficient conditions for the existence of transfer coefficient poles of a parallel connection of two four-port networks have been formulated. This filter has more advantage as compared to polynomial filters of a ladder-type structure. A compact bandpass filter design using symmetrically triangular open loop resonator is proposed in [7] . A new compact microstrip bandpass filter has been developed. The filter shows sharp rejection in the stop-band due to the three transmission zeros near the pass-band. A dual-mode bandpass filter using slot-line square loop resonator is proposed in [8] . Two types of slot patches are loaded in each corner to split the degenerate modes easily. For providing a large external coupling and source-load coupling, two T-shaped feed lines are used. The dual-mode filter has the advantages of relatively wideband and flexible transmission zeros to realize either symmetrical or asymmetrical suppression. A miniaturized high-order UWB bandpass filter using thirdorder E-shape microstrip structure is proposed in [9] . The responses of these miniaturized filters show one transmission zero at the upper stop-band. In [10] wideband microstrip bandpass filter based on quadruple mode ring resonator is proposed, which is developed by introducing a stepped-impedance one-wavelength ring resonator into a steppedimpedance half-wavelength resonator (SHR). Two band-stop sections with asymmetricaltype structure are introduced for suppressing the harmonic responses of the filter. Due to four transmission poles, the filter has low insertion loss and return loss with a small size. In [11] miniaturized UWB band pass filters are proposed with notch using slow-wave coplanar waveguide multiple-mode resonators. Stub-loaded microstrip CPW transitions are used to improve the upper rejection skirt of the UWB BPF, and the upper stop band rejection nearly 22 dB is obtained by using DGS units. In [12] a compact high selectivity seventh-order UWB bandpass filter is proposed with ultra-stopband attenuation, which is based on a unique E-shape microstrip structure and its equivalent circuit is developed for small wireless communication systems. The filter is composed of six grounded middle stub E-shape microstrip structures connected in cascade using short sections of the microstrip line. In [13] stepped-impedance coupled resonators (SICR) for implementation of parallel coupled microstrip filters are proposed with spurious band suppression. The SICR relies upon the incorporation of different stepped impedances for even and odd propagation modes of the coupled microstrip lines. In [14] a compact microstrip quintband filter based on the tri-mode stub-loaded stepped-impedance resonators is proposed. The design is more flexible and all passbands may be fully controlled by using multiple coupling paths. As a consequence, the advantages of flexible band control, highselectivity, and extremely small area make the newly proposed multi-band filters attractive and suitable for the applications in the multi-band communication systems. In [21] a microstrip wideband bandpass filter based on λ/2 stub with spurious passband suppression scheme is proposed. In the design of bandpass filters, the use of half wavelength (λ/2) stubs of shunt configuration had been mostly unacceptable due to their effect of narrow stopband bandwidths in the resulting filters. The designed filter reported to have low insertion loss nearly -1.98 dB and a fractional bandwidth of 50% at 6 GHz mid-band frequency. The filter is planar, fabricated on FR-4 substrate which makes it cost-effective. In [22] a new design of parallel grooved band-pass resonator filter is proposed at 4.25 GHz. This filter has a high attenuation in stop band, high return loss and small insertion loss in the pass band. In [23] , [24] ANN modeling for various filters is proposed for improving the performance, size, losses and cost. In [25] a novel concept of microstrip low pass filter is presented with Defected Ground Structure for minimizing the losses and size.
Proposed Grooved Microstrip Filter
The filter design was performed using the Zeland IE3D 14.1 full wave Electromagnetic simulator. The length and width of microsrip filter is chosen for the frequency band beyond 1.1 GHz and is illustrated in figure 1 .The operating frequency depends on the curves obtained after the EM simulation and is given by
Where c is the speed of light which is equal to 3×10 11 mm/sec., εr is the dielectric constant of the substrate, h is the thickness of the substrate in mm. the operating frequency f is in Hertz and L is length in millimeter. The width W is in millimeter and is selected to provide the better return loss in the pass band and higher attenuation in the stop band. The length L is calculated using the equation (1) and is equal to 28.31 mm. and width W is given by W=45.28 mm generally chosen as 1.6 times of L. Substrate with Gap
The Gap between the two coupled structures is kept almost equal to 4 mm. In this filter design the number of grooves should be taken six. Groove depth is of 3.7 mm at maximum taper and groove length is of order of 3.7 mm. The distance between two adjacent grooves should be kept at 2.8 mm. Grooves provide the better coupling of signal at the required signal spectrum. This ratio provides the best return loss Characteristics. Equation (1) determines all of the filter's dimensions. These dimensions should produce a filter with an insertion loss of around 0.5744 dB in the passband and good attenuation in stop band up to the maximum of 21.95 dB. The thickness of the substrate (h) has the little effect on the filter's operating frequency, but on the other side it plays a very important role in determining the filter's bandwidth. The attenuation at 1.8 GHz is around 0.5 dB. Changes in dielectric constant greatly affect the operating frequency unlike of the substrate thickness. Since changing the dielectric constant changes the operating frequency, different W and L determined by the equation (1) is used for each filter to work at the required frequency. Bandwidth available is of 1 GHz and percentage bandwidth of 20 %.The design parameters for the design are chosen in such a manner that it does not have any matching problem when it is put to use with the other microwave devices like transmission equipment and antenna matching unit [18] . The impedance of design is adjusted at 50 ohm and does not have any variation during various test carried out for performance evaluation. IE3D Layout of the grooved microstrip band pass filter with gap is shown in Figure 1 and layout of the grooved microstrip band pass filter without gap is shown in Figure 2 . The 3-Dimensional view of the grooved microstrip band pass filter without gap is shown in Figure 3 . Figure 6 and Figure 7 represents the fabricated grooved microstrip resonator band pass filter in horizontal and vertical measurement scale. The measured response of the filter is achieved with the help of FS-315 Spectrum analyzer as shown in Figure 8 , which represent the maximum attenuation of 25 dB in the stop-band. The total cross sectional area of the grooved microstrip filter is (28.31 ×45.28) mm 2 which is more compact as compared to previous designs [21, 23] . Figure 8 and Table 1 represent the comparison between measured and simulated S21-parameters. It represents the comparative performance graph of measured and simulated insertion loss for grooved microstrip patch resonator band pass filter. Simulated performance represents the maximum attenuation of 21.95 dB in the stop-band and measured response indicates the improved maximum attenuation of 24.9 dB in the stopband. Table 2 represent the comparison between measured and simulated S11-parameters of microstrip filter. It represents the comparative performance graph of measured and simulated return loss for grooved microstrip patch resonator band pass filter. Simulated performance represents the maximum return loss of 26.52 dB in the passband and measured response indicates the improved maximum return loss of 28.82 dB in the pass-band as shown in Figure 9 . Both simulated and measured results are matched well for the desired frequency band. Impedance matching properties of grooved microstrip filter can be explained well with the help of smith chart as illustrated in Figure  10 , which represent the nature of impedance i.e., inductive, capacitive or purely resistive. 
Results and Filter Performance
The design of filter has given good results especially in terms of insertion loss, it has given good results. The major performance parameters i.e., insertion loss and return loss is plotted in Figure 4 . IE3D analysis for changes in the filter's dimensions and substrate dielectric constant was carried at different frequencies. IE3D proved the effectiveness of the design equation at this frequency. The layout of the filter is given in Figure 2 and the simulated response is given in Figure 4 and 5. Measured response is achieved with the help of FS-315 Spectrum analyzer as illustrated in Figure 8 and 9 which gives the comparison of measured and simulated results. The value of width W chosen should be at least 1.6 times more than the value of length L for the satisfactory performance of the filter. Figure 4 and 5 shows the simulated S-parameter curves for a filter with total length (L) = 28.31 mm and total width (W) =45.28 mm, Gap = 0 mm. The commercial dielectric substrate FR4 is used which has thickness of 1.6 mm and dielectric constant of 4.4.Measured results shows the improved performance of the filter and maximum attenuation of 25 dB in stop-band. Both measured and simulated results are matched well. Bandwidth available is of 1 GHz and percentage bandwidth of 20. IE3D version 14.1 simulation accurately judge the performance of filter. The advantage of this filter is of having desired performance, low losses and compact size.
Conclusion
Grooved microstrip filter represents the dual nature of filter. A grooved Band-pass filter has been proposed at mid band frequency 1.8 GHz with very compact size, higher performance, lighter weight and lower cost for L-band applications such as mobile (GSM) and satellite communication. It has low loss in the pass band and maximum attenuation in the stop band. Band-pass filter has small insertion loss of 0.5744 dB and high return loss of 26.52 dB in the pass band. The behavior of this filter is different at different frequency band. It behaves like a band-reject filter at center frequency 1.1 GHz. It has a low attenuation, high insertion loss of 21.95 dB and low return loss of 0.2432 dB in the stop band This filter can be easily fabricated. The filter characteristics also offer a very useful margin for microwave applications.
